Effect of Surface Treatment on Liquid Adhesion Inside 3-D Structures by Khan, Madani A et al.
H2O
Lab	Setup
Effect	of	Surface	Treatment	on	
Liquid	Adhesion	Inside	3-D	Structures
Madani Khan1, Jeffrey Alston2, Andrew Guenthner2, Jacob Zavala2
1 Chemistry Undergraduate, The City College of New York
2Rocket Propulsion Division, Aerospace Systems Directorate, Air Force Research Laboratory, Edwards AFB, CA
This	material	is	based	upon	work	supported	by	the	National	Science	Foundation	through	the	Robert	Noyce	Teacher	Scholarship	
Program	under	grant	#	DUE	– 1239896.	Any	opinions,	finding,	and	conclusions	or	recommendations	expressed	in	this	material	are	
those	of	the	author(s)	and	do	not	necessarily	reflect	the	views	of	the	National	Science	Foundation.		The	research	was	made	possible	by	
the	California	State	University	STEM	Teacher	Researcher	Program	in	partnership	with	Cal	Poly	and	Air	Force	Research	Lab.
DISTRIBUTION	A:		Approved	for	public	release;	distribution	unlimited.		AFRL	Public	Affairs	Clearance	#16467
References
1.	Labit,	H.,	Goldar,	A.,	Guilbaud,	G.,	Douarche,	C.,	Hyrien,	O.,	&	Marheineke,	K.	(2008).	A	simple	and	optimized	method	of	producing	
silanized surfaces	for	FISH	and	replication	mapping	on	combed	DNA	fibers.	BioTechniques Biotech., 45(6),	649-658.	
doi:10.2144/000113002	
Funding	and	support	was	received	by	the	STAR	program	and	thank	you	to	the	AFRL	for	a	great	research	experience.	Thank	you	to	Dr.	Jeffrey	Alston	and	Dr.	Andrew	Guenther	for	all	their	guidance	
and	encouragement	throughout	this	the	project.	And	a	special	thanks	to	my	fellow	STAR	students	and	friends:	Caitlyn	K.,	Shawn K.,	Zoe	S.,	Alex	Q.,	Melanie	T.,	Dana	H-C.,		and	Jacob	Zavala.
Acknowledgements
-Adhesion between a tube and liquid increases 
the drag (friction) during flow
-Adhesion also determines the rise of a liquid in 
a capillary tube by the function,ℎ = 	2𝛾 cos 𝜃𝜌𝑔𝑟
where ℎ is the rise of liquid column in a 
capillary, 𝛾 is the liquid-air surface tension 
(force/unit length), θ is the contact angle, ρ is 
the density of liquid (mass/volume), g is local 
acceleration due to gravity, and r is radius of 
tube. 𝑃./0 = 𝜌𝑔ℎ → 𝑃123 = /4 567 89
Introduction
-The coating processes tested in the study produced the 
optimum result with alkyl-dip method.
-Fluorinated samples coating process was not appropriate.
-Column height measurements seem to be a viable method for 
probing surface treatments for 3D structures.
Conclusion
•Evaluate coating methods of surface 
functionalization using internal probe liquids.
•Explore relationship of surface functionality, 
and coating methods and probe liquid column 
height.
•Measure the liquid-tube interaction using an 
adapted manometer setup.
•Relate measurements to contact angle, 
coating methods, and quality.
Purpose
n-Hexadecane
-Measure Roughness
-Try different types of substrates/materials
-Fluorinated liquid infused surfaces
-Amine functionalized silanes (for hydrophilic surface)
-Back pressure testing
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